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ABSTRACT
Methotrexate produces significant mitotic depression in the interfollicular epidermis of
the young rat in two hours. This effect persists up to and includes a 24 hour group.
There is no evidence of metaphase arrest produced by this drug.
Follicular mitotic activity is reduced as rapidly as the interfollicular basal cell counts. A
quick screening test for establishing antimitotic effects on epidermis is described. The test is
based on follicular mitotic activity.
Since the introduction of aminopterin in the
treatment of leukemia (1), folic acid antago-
nists have been widely used in the treatment
of malignant disease, and more recently in the
therapy of psoriasis (2, 3, 4). Much recent
evidence indicates that folate coenzymes play
a key role in cellular division through their ac-
tion of nucleoprotein synthesis (5). The role
of the enzyme dihydrofolate reductase in
thymidine synthesis, and its importance at the
target site of the folio acid antagonists is well
documented (6, 7, 8). Inhibition of DNA syn-
thesis m mammalian cells by folic acid antogo-
fists has been demonstrated (9), and depres-
sion of mitotic activity in human gut (10, 11)
and epidermis has been shown (11, 12). The
depression of mitosis is usually considered to be
secondary to inhibition of DNA synthesis (5,
10), and this has been explained largely on the
basis of the time relationship between drug
administration and the appearance of mitotic
depression.
The time sequence of the onset of mitotic
inhibition in human epidermis has been shown
to be variable (11). It has also been suggested
that methotrexate may affect cell division dur-
ing the mitotic process (11, 13), because
mitotic depression occurs earlier than would
be expected if depression of DNA synthesis
were the prime mechanism, and furthermore
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abnormal mitotic figures and evidence of meta-
phase arrest have been described (11, 14).
This study was undertaken to elucidate how
rapidly methotrexate can produce significant
mitotic depression in mammalian epidermis,
and whether there was any evidence of ab-
normal mitotic figures or other notable effects
on the mitotic cycle.
MATERIALS AND METHODS
Groups of 4—5 day old Sprague-Dawley rats kept
under conditions of constant temperature and illu-
mination having a similar diet were injected sub-
cutaneously on the ventral surface with methotrex-
ate (5 mg/kg) in 0.05 cc distilled water (the
diluent) or 0.05 cc of distilled water alone at 24, 15,
4, 3, 2, 1 and ½ hour intervals preceding sacrifice,
which was carried out between 9 a.m. and noon,
to minimize mitotic diurnal variation. Animals
were killed under ether anesthesia, and one cm.
square pieces of interscapular skin were removed
and secured flat in a stapled filter paper envelope
and placed in Bouin's fluid within 15 minutes, and
left for 24 hours. Tissues were washed for three
hourly periods and stored in 70% alcohol. Samples.
for sectioning were removed from each end of the
interscapular specimen, and automatically proc-
essed (80% alcohol, 1 hour; 95% alcohol, 1 hour
X2; absolute alcohol, 1 hour X2; xylene, 30 min-
utes X2; paraffin, 1 hour X2).
Both specimens were then carefully embedded
in a single block, cut 7/h thick, and placed on slides
in two parallel rows per slide and stained with he-
matoxylin and eosin. 10—20 sections were dis-
carded between each of the four slides for count-
ing to insure wider scanning of the tissue in each
block.
Technically satisfactory slides were coded by
the technician and counted blind. All four phases
of the mitotic cycle were counted, but no cell was
considered to be in mitosis until after distintegra—
tion of the nuclear membrane, which excluded
many early prophase figures. Counts were spread
over both pieces of tissue (one from each end of
the original interscapular skin specimen) on all
four slides, but only the pairs of sections from the
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middle of each parallel row on each slide were
counted, to insure that mitoses would not be
counted twice. Counts were carried out only if the
skin specimens were accurately cut sagittal sec-
tions, and this was usually achieved as specimens
had been secured flat in filter paper envelopes dur-
ing fixation. At least one-thousand interfollicular
basal cells were counted by this technique, and in
order to avoid counting mitoses in relation to fol-
licles, at least two cells on the interfollicular epi-
dermis closest to follicles were not included in the
counts. Total cell and mitotic counts were recorded
separately on hand tally counters, and details of
the mitotic phase of each counted figure were also
recorded.
As the slides were examined blind, an attempt
to predict whether a given specimen was from a
methotrexatc treated or control animal was made
on the basis of the observed follicular mitotic ac-
tivity, and analyzed later after the study was com-
plete. The criteria for this prediction depended on
identifying a given slide as a control. A prelimi-
nary subjective assessment of the numbers of mi-
toses noted in follicle bulbs was made, but a slide
was not designated a control unless a follicle con-
taining five or more mitoses was encountered. This
search was conducted over sixteen sections, four
on each slide. Slides not labeled control were re-
garded as from the treated group.
RESULTS
Mit otic Counts in Young Rat Epidermis
Treated with Methotrexate
Mitotic counts per 1000 interfollicular basal
cells in drug treated and water injected con-
trols at varying times after injection arc re-
corded in Table I. In the graph of mean
values (Fig. 1) an obvious difference between
the two groups is evident two hours after
injection, as counts are lower in the metho-
trexate group as compared to the water in-
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jectcd group, a difference which persists up to
and includes the 24 hour groups. The experi-
mental and control groups at each time were
compared using a "t" test, and it can be seen
in Table I that at ½ and 1 hour after injection
differences are not significant, but at 2 hours
and thereafter differences are significant at
0.5%. The significance was unaltered after a
correction was made for non-homogeneous
variance.
Table II shows the overall analysis of vari-
ance. As can be seen, the differences with re-
spect to methotrcxatc and water (A) are sig-
nificant at 1%, but with respect to time (B)
there is significance at 5% only, and this is
due to the fact that water had no effect in
respect of time, as would be expected. The
interaction effects (AB) arc significant at
1%.
The results recorded in Table I represent
mitotic counts from several experiments, and
so the findings would appear to be reproducible
and significant.
Table III shows mitotic counts in 25 un-
handled animals from nine different litters.
Statistical analysis of differences between lit-
ters shows significance only at 10%. However,
as animals were allocated in these experiments
so that litter differences were equally spread
between experimental and control animals,
these small differences were further minimized.
Effect of Methotrexate on the Mit otic
Cycle
Figure 2 is a diagrammatic representation
of the mean percentage distribution of the
phase of the mitotic cycle recorded within each
of the groups investigated. It can be seen
that there is no significant difference between
untreated, water or methotrexate injected
groups as a whole. Mcthotrcxate treated ani-
mals were also subdivided into those that did
(2—24 hours) and those that did not (0.5—
1 hour) show significant suppression of inter-
follicular basal cell mitotic counts, and recorded
separately as indicated. These groups show no
significant differences when compared with
each other or the control groups.
Predictions on Sections from Experimental
and Control Animals
Results are summarized in Table IV. Of the
sixty-three drug treated animals, forty-six
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TABLE I
(73%) were designated correctly as showing
evidence of reduced follicular mitotic activity.
Further analysis of the seventeen animals in-
correctly ascribed shows that nine of these
were in the group receiving the drug a half
hour before sacrifice and eight one hour before
sacrifice. Results from the mitotic counts in
the interfollicular epidermis recorded in Table
I confirm that there is no significant depres-
sion in the mitotic activity until two hours
after administration of methotrexate and so
the failure to ascribe animals in the half
hour and one hour groups to the experimental
group is thereby explained. Only a single con-
trol animal was incorrectly designated, and
this animal was shown to have a very low
interfollicular basal cell mitotic count.
DISCUSSION
Methotrexate has been shown in this study
to significantly depress mitosis in young rat
skin two hours after subcutaneous injection.
The minimum G2 time is reported to be about
six hours (15) and thus cells with a double
Mitotic counts per thousand interfollicular basal cells in young rat epidermis
at varying times after injection of methoirexate and water
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TABLE II
Overall analysis of variance
Source of variance Suns of squares DF 'S F
404 1%A (MTX-H20)
Within groups
(3) — (1) 557
(6) — (3) 223
1
16
557
13.9
B (time)
AB
B >< subj, within groups
(4) — (1) 142
(5) — (1) — (4) + (1) 248
(2) — (5) — (6) + (3) 795
6
6
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23.67
41.33
8.28
2.86
4.99
5%
1%
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complement of DNA should be available for
mitosis throughout this period. These results
suggest that for some reason G2 cells are
rapidly unable to enter the mitotic cycle in the
presence of this dosage of methotrexate. This
might be due to the failure of continuous entry
of more cells into G5 from the "S" phase, or to
some effect on the little-known processes within
G2 itself. It has been suggested that metabolic
DNA may be formed in some organs after the
"S" phase and before motisis (16), but there
is no published information on the formation
of metabolic DNA in the epidermis of the
young rat at any stage of the generative
cycle.
Suppression of folate coenzymes could affect
many biochemical reactions of biological im-
portance. A Jack of high energy compounds
such as adenosine and guanosine nucleotides
could lead to a failure of DNA, RNA and
TABLE III
TABLE IV
Recorded predictions on slides from methotrexate
treated, control water injected and unhandled
animals examined blind
Group
Number
predicted
correctly
Number %
predicted Correctly
incorrectly1 predicted
Methotrexate treated
animals
Control* animals
46
86
17 73
:
1
!
* 63 animals receiving sterile distilled water at
similar times to the methotrexate treated groups.
24 untreated unhandled animals.
protein synthesis and thus might secondarily
lead to a failure of the onset of mitosis (14).
In addition, folate coenzymes are necessary in
formylmethionine biosynthesis (5). It has been
recently shown that formylmethionine-S-RNA
is the initiator of protein synthesis in bacteria
(17) and there is now good evidence that it is
present in mitochondria of mammalian cells
(18). Methotrexate inhibits the synthesis of
formylmethionine-S-RNA in mitoehondria (18).
Studies on the effect of methotrexate on pro-
tein metabolism in rat epidermis are to be
published elsewhere (19). Whatever the ex-
planation, however, there is a failure of entry
of cells into mitosis occurring two hours after
subcutaneous methotrexate, and this depres-
sion occurs in the follicles and interfollicular
epidermis, as can be seen when the results in
Table I and Figure 1 are considered in con-
junction with Table IV. In addition, as the
follicular mitotic activity based on a rapid
Mito tic counts per thousand interfollicular basal
cells in nine litters of vouna rats
j A anaphase
T telophaseC,
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'-C
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50%
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P prophase
M metaphase
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examination of the follicular tissue correlates
well with the much more laborious interfollicu-
lar basal cell counts, the former is suggested as
a screening test for the effect of antimitotic
agents on the epidermis because of its con-
siderable accuracy and relative rapidity.
The mean percentage distribution of all four
phases of mitosis is comparable in the drug
treated and control groups. The difficulty of
distinguishing late prophase figures and meta-
phase figures seen "end on", may explain the
relative preponderance of metaphase figures
in all these counts, as any "doubtfuls" were
always designated as metaphase figures for the
sake of consistency. The low anaphase and
telophase counts could well have resulted from
the escape of these figures during the delay be-
fore the tissues arrived in fixative, after the
death of the animals. In any event, this time
lag was about fifteen minutes throughout all
experiments, which represents about one-sixth
of the total time on mitosis (20).
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